ABSTRACT
INTRODUCTION
The SOI MOSFETs are related to one of the most promising device structures of integrated circuits now [1] [2] [3] [4] [5] [6] [7] [8] . They manifest many properties just the same as the conventional MOSFETs do, avoiding some problems connected with the electron transport [2, [9] [10] [11] [12] [13] [14] . That is why these device structures attract immense scientific interest now. However the electron processes in SOI-MOSFETs are more complex in comparison with conventional ones and they impose the strong especial demands on device modeling [15] [16] [17] [18] [19] [20] [21] . Particularly it concerns with the Monte Carlo simulation of electron transport in SOI MOSFETs [22] [23] [24] [25] [26] [27] [28] [29] . Monte Carlo model for such device structures should adequately include the following processes: 1) DIBL (drain induced barrier lowering), 2) the current collected near the source junction what is formed of holes generated by electron impact ionization, 3) the electron scattering both gate and buried oxides, 4) the energy quantization throughout the channel depth [25, 26, [30] [31] [32] [33] . Simulation of these processes must be coupled with self-consistent numerical solution of the Poisson and Boltzmann equations. In the present work both the influence of SOI MOSFETs channel length L ch and channel depth d ch on electron transport properties are studied by means of Monte Carlo simulation. Transistors with L ch = 0.5, 0.25, 0.1 m as well as d ch = 10, 20, 100, 200, 1000 nm are considered. Our main purpose is to study the influence of structural parameters of the SOI MOSFETs on electron transport when the transport begins to contrast from one in the conventional MOSFETs. The reasons of such contrasting are properly connected with deformation of the depletion region produced by gate voltage under the gate oxide in a top silicon layer when the value of channel depth d ch is decreased. The formation of fully depleted conductive layer throughout the channel depth may be chosen as a suitable criterion for transformation MOSFET with the inner buried oxide layer to the SOI MOSFET. In the present work we have studied this transformation by the numerical self-consistent solution of the Boltzmann and Poisson equations by means of the Monte Carlo simulation of electron transport in a SOI-type construction.
GEOMETRIC MODEL OF STUDIED SOI MOSFETS
The basic implementation of the SOI MOSFETs is presented in Fig.1 . It is necessary to distinguish the cases of the fully depleted SOI MOSFETs and partially depleted SOI MOSFETs. The SOI structure may be adopted for devices with thin channel (d ch is very small) presented in fig. 1 fig. 1(b) . We have used the last construction with d j = 100 nm for the SOI MOSFETs with d ch = 1000 nm. a) 
MONTE CARLO MODEL
The Monte Carlo model of electron transport in studied devices is elaborated with taking into account of the aspects aforecited in introduction. The 2D electron gas is formed in the channel with d ch = 10 nm as it is confined by gate and buried oxides in potential quantum well. For other cases 2D electron gas is formed in the inversion layer of silicon near the gate oxide at high gate voltages and low drain voltages. We have considered both the 3D and 2D electron transport in dependence on an arising of the energy quantization in the channel. Expressions for calculation of scattering rates for 2D case are taken from [34] and for 3D case are taken from [35] . In case of 2D electron gas the following scattering mechanisms on are taken into account: the acoustic phonons, the optical phonons, impurity ions, surface roughness at both the gate oxide and buried oxide, electron-electron. The bias conditions are chosen so that impact ionization as well as transitions of electrons to higher valleys would be neglected. In case of 3D electron gas the following scattering mechanisms on are taken into account: acoustic and optical phonons, impurity ions, electron-electron as well as electron-hole, impact ionization. In last case the electron scattering by surface roughness of the top silicon layer (i.e. channel) are treated as diffusive scattering. The Monte Carlo simulation is realized by the Ensemble Monte Carlo method [36] . Electron movement is consequently traced from source junction to drain one. Each electron from simulated ensemble injects into the channel after arrival former electron into the drain. The number of particles is not less 5 000 in simulated ensemble.
The values of electron current, drift velocity, mobility, energy as well as electric potential in different parts of the channel are calculated. Some of the obtained data are presented and discussed beneath.
DRAIN CURRENT SIMULATION
The In Fig. 3 the calculated values of the drain current in studied SOI MOSFETs are presented. Obtained results presented in the figure prove two facts. Firstly, the drain current increases with decreasing channel length that is obviously explained by the increasing of electric field in channel. Secondly the drain current decreases with decreasing the channel depth that may be explained by the decreasing of current area as well as the decreasing electron gas heating to the direction which is normal to interfaces (axe Z). 
DRIFT VELOCITY SIMULATION
In fig. 4 the partial weights of different dominant scattering mechanisms as a function of the channel depth are presented. The surface roughness scattering only varies significantly with the changing of the channel depth as it is essential for case of 2D electron gas. In fig. 4 the dominant scattering mechanisms are presented for case of 3D electron gas. Fig. 4 . Partial weights of different scattering mechanisms to total scattering rate near the drain as a function of the channel depth; abbreviations: ph -phonons scatterings, SR -surface roughness, Imp -impurity ions, ee -electron-electron scattering.
Partial weights
In Fig. 5 and 6 the obtained dependencies of electron drift velocity near the drain junction both on the channel length and depth are shown, respectively. The function v dr (d ch ) have a peak at d ch = 20 nm. Probably this result may be explained by appearing of the energy quantization throughout the channel depth. The decreasing of drift velocity at d ch < 20 nm, which may be considered as suppression of electron gas heating and hot electron effects, may be explained by three reasons. Firstly the scatterings on surface roughness at gate oxide and buried oxide are more essential and its partial weights to total scattering rate are significantly grown up. Secondly the normal electric field in channel becomes respectively small in comparison with the conventional MOSFETs. Thirdly the longitudinal electric field in channel also decreases. The increasing of electron drift velocity with the decreasing of channel depth in range of 1000 nm < d ch < 20 nm may be explained by the increasing of electric field strength in the channel. 
CONCLUSION
Monte Carlo model are proposed for numerical simulation of electron transport in the SOI MOSFETs. The dependencies of electron drift velocity and drain current both on the channel length and depth are calculated by using Monte Carlo simulation. The funtion v dr (d ch ) has a peak at d ch = 20 nm. This result may be explained by the appearance of the energy quantization throughout the channel depth at d ch < 20 nm. The obtained data also show that the SOI MOSFETs may manifest analogous properties to the conventional MOSFETs. The decreasing of electron drift velocity in the SOI MOSFET in comparison with one in the conventional MOSFET prove that the electron gas heating abatement in SOI MOSFETs takes place.
